Sup- Figure 1 . Model compounds and related dihedral angles are used to recalibrate the arsenate force field. Correlations of covariance matrix elements of the Fis-DNA(P) and Fis-DNA(As) complexes indicate that DNA(P) and DNA(As) have similar dynamics in the Fis-DNA complex. The covariance matrix of the phosphate DNA-Fis interaction (B) is similar to that of arsenate DNA-Fis (C), with a correlation coefficient R 2 = 0.56. (D) The correlations of covariance matrix elements of tRNA(P) and tRNA(As) in tRNA-TilS indicate that the dynamics of tRNA(P) and tRNA(As) are relatively similar. However, the covariance matrix of tRNA(P)-TilS (E) presents a weaker correlation with the arsenate tRNA(As)-TilS interaction (F), with a correlation coefficient of R 2 = 0.3. In Figures C, D , E, and F, red color indicates that two atoms move in same direction, blue a movement in opposite directions, and green color that the atoms move randomly with respect to each other.
Sup- Figure 7 . RMSDs and interaction energies of snapshots along the trajectories of DNA-protein and tRNA-protein complexes relative to their starting crystal structures from MD simulations indicate that arsenate-phosphate replacement introduces larger conformational changes in the tRNA-protein complex than in the DNA-protein complexes. (A) and (B) RMSDs and interaction energies of Phosphate and Arsenate DNA-IHF protein complexes. (C) and (D) RMSDs and interaction energies of Phosphate and arsenate DNA-RepE protein complexes. (E) to (J) Phosphate and arsenate tRNATilS protein complexes at three different ionic conditions: 'Hsp' is for protonated TilS histidines, 'low' for low ion concentration, and 'high' for high ionic concentration. Consistent with the TilS functional domain movements, the TilS-tRNA complex undergoes large conformational fluctuations during the simulations. At both low and high ionic concentrations, the TilS-tRNA complex has larger conformational changes than the tRNA. However, with protonated histidines, the complex is able to follow the dynamics of the tRNA. At low ionic concentration, the arsenate substituted tRNA complex has lower fluctuations than the phosphate tRNA; at high ionic concentration, both phosphate and arsenate TilS-tRNA have large RMSDs.
Sup-Figure 8.
In the IHF-DNA and RepE-DNA complexes, arsenate-phosphate replacements cause changes in the conformational dynamics of the DNA and in DNAprotein interactions. However, correlation analysis of their covariance matrices indicates that the structural and dynamical properties of arsenate DNA and phosphate DNA do not present marked differences. The DNA in the IHF-DNA complex has a highly bent Ushape, and the IHF-DNA complex represents the extreme case of sensitivity due to arsenate-phosphate replacement. The covariance matrices of the two DNAs have a correlation coefficient of R 2 = 0.45 (A), lower than the Fis-DNA complexes. For the DNA-IHF protein interaction, the covariance matrix of phosphate DNA -IHF interaction (B) and that of arsenate DNA -IHF interaction (C) have a similar correlation coefficient of R 2 = 0.48. The DNA in the RepE-DNA complex is curved, but is less bent than the Ushaped DNA in the IHF-DNA complex. Thus, the correlation between the covariance matrices of phosphate and arsenate DNA is R 2 = 0.62 (D), which is less than that of Fis-DNA, but larger than of IHF-DNA. The covariance matrix of DNA(P)-RepE interaction (E) and that of DNA(As)-RepE complex (F) have a correlation coefficient of R 2 = 0.4, which is better than the tRNA-protein interaction (R 2 = 0.3) in Sup- Figure 6 . In Figures C, D, E, and F, red color indicates that the two atoms move in same direction, blue color indicates that the two atoms move in opposite directions, and green color that the atoms move randomly with respect to each other. Sup- Figure 9 . Interaction energies for selected molecules in the 70S ribosome indicate that arsenate-phosphate replacement may hinder the assembly and proper function of 70S. Surface areas are not considered for the interaction energies in this figure. Four selected proteins [S16(A) , S4 (B), S17 (C), and S20 (D)] are important for 30S subunit assembly, yet their interactions with arsenate rRNA are systematically weaker than with phosphate rRNA. (E) Interaction energies of the E-site tRNA with other ribosome units are more repulsive for arsenate system. However, the interaction energies for arsenate Psite tRNA(As) with the RF2 protein (G) and other nearby molecules (E) are similar to that of phosphate P-site tRNA. It is interesting to note that arsenate mRNA is less repulsive to other molecules than phosphate mRNA (H), which could be due to the smaller size of mRNA compared with tRNA. If the repulsive interaction of mRNA is related to mRNA translation efficiency, arsenate mRNA could be less efficient than phosphate mRNA. Sup- Figure 10 . Radial distributions of As-O and As-C distances in the simulated 70S arsenate ribosome. The As-C nonbonding distances have been characterized to be 2.35Å and 2.92Å, while the radial distribution from the arsenate 70S ribosome is 2.8Å and there is no density around 2.35Å.
Supporting information, force field parameterization Table 1 The main CHARMM force field parameters of bond lengths (BL) and bond angles (BA) for arsenic and phosphorus a in DNA and RNA. 
